Abstract-Optimized all-metal
, [28] , [29] . The advantges of these circuits include large single-mode broadband operation, low characteristic impedances, and, in its finned version with thin ridges, the possibility of low-cost, low-loss E-plane integrated circuit designs. Of particular importance are the transitions between ridged or tinned waveguides of different gap height and waveguide inner cross-sections a-s well" as the junction to the rectangular input waveguide [1] , [2] , [6]-[9], [12] . Moreover, the finned waveguide circuit may advantageously be utilized for compact and easy-to-fabricate evanescent-mode filter designs [10] , [11] , [14] (1) is derived from the z-components of two vector potentials 
V~,~, R~,~are the TE-and TM-mode wave amplitudes of the forward and backward waves, respectively, which have to be related to each other at the corresponding dis:
,continuity. This will yield the corresponding scattering matrix relations.
kz are the propagation factors, and T&, T&p are the cross-section eigenfunctions of the corresponding waveguide structures under consideration, i.e.
finned waveguide [12] , [18] , and rectangular waveguide [12] and II at the common interface ( Fig. 2(b) ) yields the modal scattering matrix of the step discontinuity waveguide to ridged or finned waveguide.
[2)1 'd;:;]
where the submatrices are already described in [12] . The modal scattering matrix of the rectangular waveguide double-step discontinuity is already given in [27] . The series of step discontinuities, for a complete transformer or filter structure, is calculated by direct combination of the single modal scattering matrices [12] .
The computer-aided design is carried out by an optimization program applying the evolution strategy method [12] , [18] , [26] . An error function is maintained with respect to a parameter vector, which contains the slot widths and section lengths, until a specified characteristic is achieved over the desired frequency range. The number of TE-modes, TM-modes, and cross-sectional expansion terms [12] are chosen to be 5, 2, 8 for the optimization, and 12, 7, 8 for the final analysis, respectively.
The numbers have been obtained by checking the convergence behavior against measurements [12] , [29] , cf. also Fig. 3. In Fig. 3 Comparison between measurements ( + + +) [12] and sign (dashed line). Dimensions cf. Table I.   filter designs. Fig. 2 (a) at b/2 and a/2, respectively, and indicating the slot region by ZZa and the adjacent region to the right by IZb, the cross- at the interface at e = (a -t) /2 (c, f, Fig, 2(a) ) and applying the transverse resonance transformation, e.g.,
[21] - [22] , two sets of matrix equations are obtained. 
(A8) and (A1O) are the characteristic equations for the finned waveguide TE and TM modes, respectively, which need to be solved for cutoff frequencies (kzHq,~p = O). Together with (A3), (A4), (A6), the amplitude vectors in (A7)-(A1O) specify functions Q~. and P:,, in (Al), (A2), thus determining the cross-section functions for the finned waveguide.
